Dictyostelium is an attractive model system for the study of mechanisms basic to cellular function or complex multicellular developmental processes. Recent advances in Dictyostelium genomics have generated a wide spectrum of resources. However, much of the current genomic sequence information is still not currently available through GenBank or related databases. Thus, many investigators are unaware that extensive sequence data from Dictyostelium has been compiled, or of its availability and access. Here, we discuss progress in Dictyostelium genomics and gene annotation, and highlight the primary portals for sequence access, manipulation and analysis (http://genome.imb-jena.de/dictyostelium/; http://dictygenome.bcm.tmc.edu/; http://www.sanger. ac.uk/Projects/D_discoideum/; http://www.csm.biol. tsukuba.ac.jp/cDNAproject.html).
INTRODUCTION
Dictyostelium discoideum is a member of a unique grouping of organisms that exists at the transition of multicellularity. It has proven a powerful system for studying molecular mechanisms that underlie fundamental cellular processes, including cytokinesis, motility, phagocytosis, chemotaxis and signal transduction. In addition, many developmental pathways that regulate cell sorting, pattern formation, activated gene expression and cell fate choice are shared by Dictyostelium and the metazoa.
Dictyostelium has been designated by The National Institutes of Health (USA) as a non-mammalian model organism for functional analysis of sequenced genes. Dictyostelium has a haploid genome arrayed on six chromosomes that range in size from ∼4 to 8 Mb. The chromosomal genome is only ∼34 Mb, approximately three times that of Saccharomyces cerevisiae, but ∼25-35% that of Caenorhabditis elegans or Arabidopsis thaliana. Various estimates predict a coding capacity of approximately 10 000 genes, and many of the known genes show a high degree of sequence similarity to genes in vertebrate species. In addition, Dictyostelium has proven exceptionally receptive for generating targeted gene disruptions at very high frequency. An international consortium has been organized to determine the sequence of the Dictyostelium genome. These data will be used in combination with the ongoing Japanese cDNA project to fully annotate the genome. 
THE GENOME CONSORTIUM
The sequencing and analyses of the Dictyostelium genome was established as a collaborative effort among the Institute of Molecular Biotechnology at Jena (Germany), the University of Cologne (Germany), the Baylor College of Medicine (USA), the Sanger Centre (UK) and the Pasteur Institute (France). To facilitate assembly, sequencing was organized on a chromosome by chromosome shotgun basis. Individual chromosomes were separated by Edward Cox, Princeton University (USA), and the enriched chromosomal-specific DNA preparations were randomly sheared to 1-4 kb fragments and cloned into plasmid-based libraries. The libraries were distributed among the sequencing centers, Jena/Cologne for chromosomes 1, 2 and 3 and Baylor/Sanger for chromosomes 4, 5 and 6. Initial focus was on the chromosomes most easily resolved, the largest, chromosome 2, and the smallest, chromosome 6. Since all the chromosomes are of similar size, none could be purified to homogeneity. Thus, the chromosomal 'specific' reads were inevitably 'contaminated' with sequences from other chromosomes, but by continuously exchanging all primary data and clones, complete coverage has been facilitated.
Sequence assembly is anchored using data obtained from a combination of YAC and HAPPY mapping. An overlapping set of ordered YACs exists for each of the Dictyostelium chromosomes (2). Skimmed sequences derived from the ordered YACs define landing markers to identify and assemble linked sequences. However, YACs are subject to severe artifacts of chimerism that can yield false linkage information. HAPPY mapping (3) is a completely independent in vitro approach that is functionally analogous to classical genetic linkage mapping. The HAPPY maps are being used to identify chromosomal (STS equivalent) markers at ∼10 kb spacing and to eliminate chimeric and incorrectly mapped YACs (4). These *To whom correspondence should be addressed. Tel: +1 301 496 3016; Fax: +1 301 496 5239; Email: ark1@helix.nih.gov techniques permit the clustering of a new tiling set of YACs for seeding and gap-filling.
Chromosomes 1, 2 and 6 have been sequenced to an approximate overall depth of 6-fold. However, due to the non-random distribution of A+T-rich stretches that bias cloning and sequence representation (see below), protein coding regions have been sequenced to an 8-fold depth, with intergenic regions represented at <4-fold. Sequence analysis of the dispersed, complex, chromosomal repeat families is complete (5), as is the that of the 55 kb circular mitochondrial (mtDNA) genome (6) 
Approximately 66% of the entire chromosomal genome can be displayed in contigs of >2 kb, with the largest scaffolds approaching 500 kb. Annotation (see below) predicts an average spacing of one gene per 3 kb, consistent with an estimate of approximately 10 000 genes in the Dictyostelium genome and one of the highest gene densities for any eukaryote.
GenBank is still not the primary resource for Dictyostelium genomic data. Sequences will only be deposited that are unequivocal and compiled to a level of extremely high quality. However, all sequence data can be accessed and searched through the various centers listed below. All sites offer access to genomic sequences from all of the centers. In addition, primary and contig data + GenBank + ESTs + mtDNA + rDNA can be searched by web-based modes for BLAST (or BLAST-variant) analyses and comparisons (7). However, note that since all primary data are available, some may be of poor quality or even of non-Dictyostelium origin. The contig sequences are filtered of these problematic data. 
Dictyostelium genomic resource sites

THE TRANSCRIPTOME
The Dictyostelium cDNA Project of Japan is a collaborative effort among the Universities of Tsukuba (Y. Tanaka, H. Urushihara, T. Morio, M. Katoh and H. Kuwayama), Hokkaido (H. Ochiai and T. Saito) and Osaka (M. Maeda) to identify developmental patterns of gene expression in Dictyostelium by sequencing stage-specific sets of cDNAs. Initially the data were derived from slug and, to a lesser extent, growth stage cDNAs. BLAST and PHRAP-based (8, 9) analyses were used in conjunction with genomic sequence alignments to establish a non-redundant gene set. Collectively, these two stages minimally express approximately 5500 genes. Thus, through this cooperative effort alone, approximately half of the predicted Dictyostelium genes are already characterized and available as cloned cDNAs.
Using oligo-capping methods (10) for cDNA preparation, this group has recently created cDNA sets from each of four major transitional stages of the Dictyostelium developmental cycle: growth, aggregation, slug and culmination; ∼90% of the cDNAs in each set are full-length. They have begun 5′ and 3′ single-pass sequence reads to identify translational start and stop sites. These sequences will be compiled with all available data to assemble the Dictyostelium transcriptome with a preliminary assessment of stage-specific representation.
The cDNAs have been organized into clusters and each clone and cluster has been analyzed for conceptual translation and for both nucleotide and amino acid sequence similarities. Nucleotide sequences for many of the cDNAs have been deposited in GenBank (11) . The cDNA site (http:// www.csm.biol.tsukuba.ac.jp/cDNAproject.html) is searchable on the web by clone names or key words. BLAST and FastA services are also available, but results are not web-based; communication is via email response. Although it may be more convenient to search for cDNAs and ESTs at the genomic sites, their databases may not be as complete as here.
Finally, individual cDNA clones or the non-redundant slug cDNA set are directly available from the cDNA Project upon request through the site. The Project has proven to be a remarkable and unique resource.
GENE DISCOVERY AND ANNOTATION
The unusual genomic organization of Dictyostelium has made gene prediction extremely tractable. While the overall G+C content is 22%, intergenic elements, promoters, UTRs and introns are <10% G+C; protein coding regions are, on average, ∼40% G+C and thus easily distinguished. The Dictyostelium introns utilize consensus GT/AG splice junctions and are usually quite small (100-200 nt), further enabling protein sequence assembly (12, 13) . By coupling the unique gene characteristics with comparative analyses of the extensive databases developed by the cDNA and genomic sequencing projects, prediction and assembly for any selected element can be easily performed by simple scanning. Processes have been automated with moderate success using variations of GlimmerM (14) and GeneFinder (15) . Each of the sequencing centers provides unique analyses. Additional classification is available through UCSD/SDSC (http://dicty.sdsc.edu/annot-blast.html); Dicty Workbench portal (T.B.K. Reddy; http://dictyworkbench.sdsc.edu/) is based on Oracle and provides BLAST, RPS-BLAST and PFAM analysis data.
More than 6000 protein sequences have, thus far, been annotated, and the depth of genomic sequencing predicts that ∼98% of all Dictyostelium genes are at least partially represented in the various databases. These analyses have already led to the identification and functional characterization of numerous genes and gene families shared by the metazoa. Nonetheless, >50% of the genes appear unique to Dictyostelium. Interestingly, 11 of the 113 human genes that are absent from the genomes of C.elegans, S.cerevisiae or Drosophila melanogaster, but which share sequence identity with bacterial genes, are also present in Dictyostelium (16) . Many others are not present in S.cerevisiae, but are shared by Dictyostelium and the metazoa.
FUTURE PERSPECTIVES
Completion of the Dictyostelium genome during the next year will enable superimposition of physical and gene maps on the chromosomes. Full annotation will facilitate the design of a unigene set and production of all-gene microarray platforms. Finally, the facile ability of high frequency targeted gene disruption in Dictyostelium will lead to the directed mutagenesis and functional studies of every predicted gene.
